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Abstract 
Stereoscopic (3D) content must be viewable in a variety 

of visual environments, from 3D theaters to 3D mobile 

displays. However, the depth sensations provided by 3D 
media are affected by the viewing conditions, such as 

screen size, viewing distance, and other factors. This 

user experience (UX) aspect makes it difficult to create 

multi-purpose 3D content. This paper describes two 

study cases in which the authors have focused on the UX 

and the multi-purposing of 3D content. The first case is 

an evaluation of 3D image quality on a mobile display. 

The second case is a trial development of a scalable 3D 
conversion process. 

 

 

1. Introduction 

 

The presentation of 3D movies is increasing around 
the world. These movies are expected to be utilized in 

a variety of venues, from the home to mobile 

terminals. However, the depth sensation provided by 
3D content is affected by the viewing conditions, such 

as screen size, viewing distance, and other physical or 

psycho-physiological factors. This user experience 
(UX) aspect makes it difficult to create multi-purpose 

3D contents. In addition, the differences in the UX for 

3D and 2D media are still unclear. Therefore, for the 
purposes of production and utilization, it is quite 

important to continue research into the UX of 3D 

content. The authors have been developing systematic 
processes for creating 3D content and measuring the 

UX. [1-4] This paper introduces two case studies from 

the authors’ recent research activities. 
 
 

2. IBQ Methodology [2] 
 
For the study cases introduced here, the 3D UX was 

evaluated using Interpretation Based Quality (IBQ) 

methodology, which combines existing approaches to 

image quality and assesses the perceptual attributes of 

the viewer using a combination of quantitative and 
qualitative data. These perceptual attributes reflect 

different levels of viewer experience. In the IBQ 

approach, the conventional paired comparison is 
complemented by a qualitative interview in which the 

participant is asked about their responses to the 

images. The interviews are analyzed and the 
experience attributes are systematically coded 

according to grounded theory principles. The resulting 

codes are combined with the quantitative data and 
statistically analyzed. 

 

 

3. 3D image quality for mobile displays [3] 
 

3.1 Purpose 

Mobile terminals with 3D displays are expected be 

widely used for viewing 3D content. However, these 
terminals have both positive and negative points in 

terms of the UX. Compared to larger 3D displays, the 

smaller 3D mobile display may cause less visual 
fatigue and discomfort, thought to be mainly caused 

by a conflict of vergence and accommodation. [5] On 

the other hand, 3D mobile displays have fewer and 
smaller disparities in comparison with a large screen. 

In other words, 3D mobile displays might provide less 

of a stereoscopic effect. In this case, the authors 
focused on the UX of the 3D content on a mobile 

terminal in order to compare the UX with that of a 

large screen. 
 

3.2 Methods 

The experiment comprised three viewing 
conditions: a 100 inch screen using a polarized filter 

system, a 2.6 inch 3D mobile terminal using a parallax 

barrier system, and a 2D mobile terminal. The stimuli 
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were five 3D images from the standard charts of 3D 
images. [6] The participants were ten males and 

females between 20 and 30 years of age with normal 

stereopsis. They were instructed to compare a pair of 
images in two of the three conditions, and choose the 

one with better depth sensation. Then, they were 
interviewed and asked to explain the reasons for their 

choices. All combinations were presented in random 

order. 

 

  
Fig. 1.  Settings for experiment. (Left: 3D screen vs. 3D mobile display, right: 3D vs. 2D mobile displays) 
 

  
Fig. 2.  Images for experiment. (Left: image 1, right: image 2) 

 

3.3 Results 
Each image in the paired comparisons was analyzed 

separately. The same tendency in the order of the 

conditions was seen for all images. For images 2 and 

5, the scores for the 3D mobile terminal were notably 

closer to the scores for the 100 inch screen than those 

for image 1. The participants’ responses were also 
collected for text analysis. Table 1 lists the frequency 

of the main subjective attributes for each condition. 

 

  
Fig. 3.  Results of paired comparisons. (Left: image 1, right: image 2) 
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Table. 1.  Results of interviews. (Category: subjective attributes) 

 
 

 

4. Scalable conversion of 3D images [4] 
 

4.1 Purpose 
As mentioned above, the depth sensation from 

viewing 3D content varies with viewing distance and 
the display size, as well as the disparity map of the 

content. Specifically, the amount of parallax increases 

with shorter viewing distances or larger display sizes. 
Furthermore, because the depth sensation is reduced 

when the viewing distance is shortened or the display 

size is reduced, the UX approaches that of 2D. Multi-

purpose viewing in different viewing environments, 
therefore, requires modification of the 3D content 

taking into account the UX. The authors have 

developed a prototype system to evaluate and semi-
automatically correct 3D content according to the 

viewing environment.

 

 
Fig. 4.  Concept of scalable conversion for 3D content 
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4.2 Methods 
To develop the prototype, two display size 

conditions were tested: expanded and shrunken. For 

the expanded display, parallax was increased to 
improve viewing safety, and conversion was done by 

shifting the entire image based on an analysis of the 

disparity map. For the evaluation, stimuli from the 
standard charts [6] were reprocessed to allow a 

comparison of three conditions: original size (32 inch 

display, 3 m viewing distance), expanded (100 inch 
display, 3 m viewing distance), and expanded with 

correction. Paired comparison was used for evaluating 
viewing safety. For the shrunken display, the 

characteristics of the UX were evaluated using the 

IBQ methodology under two conditions: original size 
(100 inch display, 3 m viewing distance) and shrunken 

(32 inch display, 3 m viewing distance). The subjects 
were 11 males and seven females between the ages of 

20 to 30 with normal stereopsis. 

 

4.3 Results 
From the paired comparison, the correction 

significantly reduced the increased visual load caused 
by the expanded display size. Other characteristics 

were obtained during the interviews carried out using 

IBQ methodology. Fig. 5 (right) shows an evaluation 
structure model of the subjective attribute “looks 

distant” for the shrunken condition. The arrows 
indicate the causal relations and directions of the 

influence. This figure suggests the unnatural 

impression caused by the shrunken, and the tendency 
was notable when a human appeared as the object.

 

  

Fig. 5.  Results for experiment. (Left: expanded condition, right: shrunken condition) 
 

 

5. Summary 

 
In this paper, the author introduced two study cases 

focused on the UX and the multi-purposing of 3D 

content. The authors are continuing their research 
from an ergonomic viewpoint in order to develop 

methods for safe and comfortable viewing of 3D 

content, as well as its creation and utilization. The 
following three points of the detailed analyses are the 

main tasks of future research. 

1.  Time series change of UX. 
2.  Comparison with physiological indexes. 

3.  Characteristic UX, such as cardboard effects. 
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